ABSTRACT
INTRODUCTION
In recent years, several studies have suggested possible bio-effects of magnetic fields on human health (Jolanta et al., 2001) . Epidemiological studies have failed to find a correlation in live subjects between the continuous presence of magnetic field at different intensities and the appearance of any particular pathology (Reipert et al., 1997; Hatch et al., 1998; Lacy-Hulbert et al., 1998; Day, 1999) . In contrast, several investigations have demonstrated an increase in childhood leukemia and other related diseases in children from populations exposed to electromagnetic fields (Thomson et al., 1988) . Moreover, an increasing number of reports indicate that magnetic field is involved in cancer induction as co-carcinogenic factors able to enhance the effects of other mutagenic substances (Baum et al., l995; Mevissen et al., l995) . Biochemical studies have been carried out to evaluate the effects of magnetic field on the metabolism of cell cultures, animals and humans (Kula et al., 1991) . Previous reports showed significant disruption in the carbohydrate, lipid and protein metabolism reflected by altered blood glucose levels and accelerated glycolysis and glycogenolysis (Boguslaw et al., 1999) . Magnetic field is known to be strongly lipolytic and glycogenolytic in rats (Chemysheva, 1990; Gorczynska et al., 1991) , inducing a prominent increase in blood glucagon, cortisol and thyroxin levels. More invasive studies have been performed in animals. High et al (2000) found that exposure of rats to SMF had no significant effects on spatial memory, incidence of death, changes in heart rate, body weight, food and water consumption. Exposure of mice to static magnetic field suppressed the eating and drinking behaviour and increased the blood urea nitrogen, glucose and creatinine concentrations (Kula et al., 1991) . The magnetic field exerted a preponderate controlling influence on the thermoregulation, metabolism and haematology in rats (Marino et al., 1995; Bonhomme et al., 1998; Abdelmelek et al., 2000; Nagashima et al., 2000; Abdelmelek et al., 2001) . Considering the lack of consensus on the biologic effects of static magnetic fields, this work aimed to investigate the effects of SMF exposure on blood cells count and plasma biochemical parameters in adult male rats.
MATERIALS AND METHODS

Animals
Male wistar rats (S I P H A T, Tunisia), weighing at the beginning of the experiment from 195 to 200g were randomly divided into control group (n=6) and SMF exposed rats (n=6). Control and SMF exposed rats were kept in similar conditions under room air. The animals were maintained in normoxic conditions and were housed in groups of six in stainless-steel cages at 25°C, under a 12-12 light /dark cycle, with free access to basal diets and water. Animals were cared under the Tunisian code of practice for the Care and Use of Animals for Scientific Purposes. The experimental protocols were approved by the Faculty Ethics Committee.
Exposure system
Lake Shore Electromagnets (Lake Shore Cryotronic, Inc, Westerville Ohio, USA) were compact electromagnets used for magnetic resonance demonstrations. Water-cooled coils provided excellent field stability and uniformity when high power was required to achieve the maximum field capability for the electromagnet (Abdelmelek et al., 2002) .
Magnetic field intensity and exposure scenario
The intensity of magnetic field was measured and standardized in the total f1oor area of the Plexiglas cage at 128mT. The cage had 20cm length, 10cm width and 20cm height. The two bobbins of the Lake shore System were separated by the distance of 12 cm. Adult male rats were exposed to static magnetic field (128mT) in the Plexiglas cage between the two bobbins of the Lake Shore System, 1 h/day (between 9h-12h) during 5 days for sub-acute exposed group and during 30 days for sub-chronic exposed group. The cage in the Lake Shore contained two rats for each exposure. The control rats were positioned in the Lake Shore system one hour/day (between 9h-12h) during 30 days without applying magnetic field.
Blood sampling protocol
Blood samples (0.5m1 approximately/sample) were collected in vials containing EDTA for haematological investigations or heparin for biochemical studies. Haematological parameters were assayed by Medonic-precision instruments for haematology research (CA620).
Blood chemistry
Control and treated rats were scarified immediately after the last exposure. Blood collected in heparinized chilled tubes was immediately centrifuged. Aliquots of plasma were frozen and stored at -80°C prior to biochemical analysis. Plasma LDH, aspartate aminotransferase (AST) and alanine aminotransferase (ALT) were measured using the enzymatic methods according to manufacturer instructions (ChronoLabo, France). The protein levels were measured using the Bradfort methods. Plasmatic glucose concentrations were measured using the g1ucose oxidize methods according to manufacturer instructions (SIGMA Diagnostics; glucose ''TRINDER '').
Data presentation and statistical analysis
Data are reported as the mean ± SEM. Statistical significance of the differences between means was assessed by Student's t-test. The level of significance was set at p<0.05.
RESULTS
Exposure of rats to SMF at 128mT resulted in a non-significant reduction in growth rate following 7 days of treatment. But a significant reduction in growth rate was noted after 14 or 21 days of treatment compared to controls (Fig. 1) . Subchronic exposure to SMF did not affect water consumption in rats (Table 3) However, SMF exposure of rats during 30 consecutive days (1h/day at 128mT) increased significantly plasmatic protein levels (65 ± 2 µg/1 vs 40 ± 4 µg/1, p<0.05) (Fig. 2) , haemoglobin (13.2 ± 0.26 g/dl vs 11.98 ± 0.15 g/dl, p<0.05), the number of red blood cells (7.82 ± 0. (Fig. 3) . 
DISCUSSION
The results showed that exposure to SMF originated different metabolic and hematological disruption, which appeared to be related to the duration of exposure. Exposure to SMF (1h/day) induced a decrease of body weight by the second week of treatment. Moreover, the same treatment caused an increase of hemoglobin concentration, white blood cells, red blood ce11s and platelets count compared to control rats, whereas hematocrit levels remained unchanged. The increase of hemoglobin and red blood ce11s levels could be explained by the insta11ation of an hypoxia-like status fo11owing sub-chronic exposure to SMF. However, the precise way in which SMF induced an hypoxia-like status has not yet been fu11y clarified. The hypothesis of an action of SMF on the geometrical conformation of hemoglobin was reinforced by the fact that SMF induced a prominent effect on the hemoglobin structure as previously demonstrated by Pries et al (1992) . The evidence that SMF acts to decrease body weight and unaffected water consumption raises the question of how SMF alter body weight. Nevertheless, the body weight decrease could not be related to dehydration but probably to the hypoxia status known to alter the body weight (Necka et al., 2003) . Previous studies showed that chronic hypoxia was associated with increased oxidative stress as evidenced by marked lipid peroxidation and the induction of antioxidant enzyme response in various tissues and organs (Yoshikawa et al., 1982; Nakanishi et al., 1995) . Interestingly, literature analysis showed a lack of data regarding the effects of static magnetic field in biological system. However, previous investigations identified the effects of radiofrequency and electromagnetic field in animals. Sevedenstal et al (1998) has shown a significant lower body weight of male mice exposed to electromagnetic field. Moreover, Stanis et al (2001) pointed to the existence of an increase of haematological parameters on lactating ewes * exposed to a pulsed electromagnetic field. On the contrary, Dacha et al (1993) did not observe any significant modification in human erythrocytes exposed in vitro to electromagnetic field. This study showed that sub-acute exposure to SMF increased significantly plasmatic LDH activity, but had no effect on those of ALT and AST. However, sub-chronic exposure of rats to SMF lead to increase LDH and transaminases activities. Thus, the increase of LDH and plasmatic transaminases levels could be attributed to the alteration of hepatocytes. Previous studies showed that these enzymes were increased in nearly all pathological states in which damage or cellular destruction was produced (Martin et al., 2000) . These results were in accordance with the findings of Boguslow et al (1999) showing an elevation of AST and ALT in steelworkers exposed to magnetic field. Magnetic field also induced structural changes in hepatocytes, primarily in mitochondria (Parafiniuk et al., 1992) . Bonhomme et al. (1998) showed a non significant difference in LDH activity of mice after exposure to magnetic field. Present results showed that sub-acute but not sub-chronic exposure to SMF significantly increased g1ycemia. The hyperg1ycemia observed following sub-acute exposure to SMF could be explained by structural and functional changes in pancreas, in response to SMF stress. The lack of effect on glycemia observed in sub-chronic exposed rats suggested probably an adaptative response of carbohydrate metabolism subsequent to a long exposure. Comparative data were reported by Gorczynska et al (1991) who observed a slight increase of serum g1ucose concentration, associated with a decrease of insulin and an increase of g1ucagon levels in rats exposed to magnetic field. Present data showed that SMF exposure increased plasmatic total protein levels suggesting the change in protein metabolism of stressed rats. In steelworkers exposed to electromagnetic field, Boguslow et al. (1999) showed a slight decrease of total serum protein levels. This discrepancy could be attributed to the difference of the intensity of the SMF and the exposure scenario and duration. The mechanism of SMF action in biological systems can be examined by its interaction with moving charges and enzymes activities rates in cell-free systems increasing transcript levels for specific genes (Goodman et al., 2002) . It is likely. However, SMF also interact directly with electrons in DNA to affect protein biosynthesis (Goodman et al., 2002) . In conclusion SMF exposure originated different metabolic and hematological effects, which appeared to be related to the duration of exposure. The change in biochemical parameters of SMFexposed rats reflected probably hepatic damage. Further studies are needed for the better understanding of the SMF effects in biological system. 
RESUMO
Este estudo foi realizado com o obejtivo de investigar os efeitos do campo magnético estático (CMS) nas taxas de crescimento, hematopoiese, concentrações de proteínas plasmáticas, glicemia, da desidrogenase lática (DHL) e transaminases (alanina aminotransferase-ALT e aspartato aminotransferase-AST) em ratos machos. Após exposição de modo sub-agudo durante 5 dias consecutivos ao CMS (1 hora/dia, a 128mT), houve aumento em 38% na concentração de DHL (p<0.05), porém não houve mudanças nos índices hematimétricos, nas proteínas plasmáticas e nas transaminases. Duas semans após exposição ao CMS durante 30 dias consecutivos (CMS (1 hora/dia, a 128mT) houve diminuição significativa das taxas de crescimento e aumento significativo das concetrações de proteínas (+62%, p<0.05), da hemoglobina (+10%, p<0.05), eritrócitos (+7%, p<0.05), leucócitos (+17%, p<0.05) e plaquetas (+10%, p<0.05). A exposição sub-crônica ao CMS induziu aumento da DHL (+43%, p<0.05), AST (+ 41%, p<0.05) e ALT (+95%, p<0.05). Em contraste não houve aumento da glicemia. Estas alterações sugerem que a exposição ao CMS possivelmente influencia a proliferação de células do sistema hematopoiético e a produção enzimática, indicando alterações teciduais.
